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(57) ABSTRACT

The present invention relates to an exhaust-gas heat
exchanger for a motor vehicle, having an encircling heat
exchanger duct with a bypass pipe situated at the inside, a
control tlap being provided for conducting an exhaust-gas
flow through the heat exchanger duct or through the bypass
pipe, said exhaust-gas heat exchanger being characterized in
that the control flap has an opening with a pipe stub-like
section, the pipe stub-like section being in flow-conducting
contact with an inlet opeming of the bypass pipe 1n a bypass

position, and the control tlap being rotatable from a bypass
position 1nto a transier position, 1n which the inlet 1s closed.
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1

EXHAUST-GAS HEAT EXCHANGER WITH
BYPASS PIPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of German Application
No. 102014106386.4, filed May 7, 2014, which 1s 1ncorpo-
rated herein by reference in 1ts entirety.

The present invention relates to an exhaust-gas heat
exchanger for a motor vehicle, as per the features in the
preamble of patent claim 1.

In motor vehicles, internal combustion engines are used to
convert the chemical energy contained in the fuel to
mechanical energy by way of the combustion process. Here,
elliciency 1s limited to approximately 40%. This means that,
of the chemical energy contained 1n the fuel, 40% can be
converted into mechanical energy, and from the remaining
fraction of the energy, heat 1s produced which 1s then
dissipated with the exhaust-gas flow or else 1s correspond-
ingly released 1n the form of heat to the surroundings via the
engine block or other peripheral components.

For various applications, 1t 1s advantageous to utilize the
heat energy contained 1n the exhaust gas. For this purpose,
exhaust-gas heat exchangers are known, through one side of
which the exhaust-gas flow 1s conducted for the extraction,
of heat, and a second duct 1s provided which, by way of a
corresponding medium, then supplies the extracted heat for
further use. This may for example be the heating of a
passenger compartment, the heating of other engine com-
ponents or else the supply of heat to a heat-dependent cycle
process being made possible.

When an internal combustion engine 1s started, however,
it 1s 1n1tially at ambient temperature which, depending on the
fiecld of use and climatic conditions, may generally lie
between -20° C. and +40° C. The internal combustion
engine 1s then in the cold-start phase, wheremn here, the
operating tluids, for example cooling water or other media
such as, for example, the engine oil, are likewise 1n a cold
state, and thus exhibit low flowability. It 1s then the aim to
attain the optimum operating temperature of the internal
combustion engine 1tsell, and of all peripheral components,
as quickly as possible.

Exhaust-gas aftertreatment components are arranged in
particular in the region of the exhaust tract, said exhaust-gas
altertreatment components being correspondingly config-
ured 1n terms of their ethciency for the optimum operating,
temperature. In the case of an exhaust-gas heat exchanger, it
1s thus normally the case that a bypass 1s provided, such that,
for example, the exhaust-gas flow 1s initially conducted
entirely through the bypass, and the exhaust-gas aftertreat-
ment components correspondingly heat up more quickly,
wherein during later operation, the exhaust-gas heat
exchanger 1s then correspondingly placed into a transfer
position, such that heat 1s extracted from the exhaust-gas
flow.

An exhaust-gas heat exchanger of said type 1s known for
example from EP 1 455 079 B1. In order that the exhaust-gas
flow 1s conducted not through the transfer duct but through
the bypass duct, or vice versa, a control element, 1n this case
in the form of a spherical body, 1s known, which control
clement, by performing a rotational movement, correspond-
ingly diverts the exhaust-gas tlow through the bypass duct or
through the transier duct.

Furthermore, DE 21 26 846 A has disclosed a diversion
valve for tipper vehicles with heated tipper bodies, wherein
a control flap 1s used for switching over an exhaust-gas tlow.
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2

Various flap arrangements are also known from the prior
art.

It 1s a problem here that, in particular 1n the case of
Otto-cycle engines, temperatures of up to greater than 1000°
C. prevail 1n the direct exhaust-gas flow, which leads to not
inconsiderable thermal expansions and thermal loading, and
that the exhaust gas exhibits highly corrosive properties, to
which exhaust-gas components 1n the direct exhaust-gas
flow are exposed.

It 1s therefore an object of the present invention to specily
a control element in an exhaust-gas heat exchanger, which
control element serves for the control of different ducts and
1s of a structurally simple design, 1s inexpensive to produce
and 1s designed so as not to be sensitive to different thermal
expansions.

The above-stated object 1s achieved according to the
invention by means of an exhaust-gas heat exchanger
according to the features in patent claim 1.

The dependent patent claims relate to advantageous
design variants of the present invention.

The exhaust-gas heat exchanger according to the mven-
tion for a motor vehicle has a heat exchanger duct with a
bypass pipe situated at the inside, wherein a control flap 1s
provided for conducting an exhaust-gas flow through the
heat exchanger duct or through the bypass pipe. According
to the mvention, the exhaust-gas heat exchanger 1s charac-
terized in that the control flap has an opening with a pipe
stub-like section, the pipe stub-like section being in flow-
conducting contact with an inlet of the bypass pipe 1n a
bypass position, and the control flap being rotatable from a
bypass position 1nto a transier position, in which the inlet of
the bypass pipe 1s closed.

The exhaust-gas heat exchanger 1s designed 1n particular
as a heat exchanger which has a bypass pipe extending
centrally in the longitudinal direction, such that the exhaust
gas passing from an exhaust pipe can be conducted directly
through the bypass pipe. Around the bypass pipe there 1s
then situated a throughtlow duct 1in the form of a transfer
duct. If the exhaust gas 1s conducted not through the bypass
pipe but through the transier duct, there 1s also formed 1n the
transfer duct itself a corresponding further duct for then
extracting heat from the exhaust gas by way of a further
medium. For example, said further duct may be coiled 1n the
form of a spiral around the bypass pipe, such that then, the
exhaust gas 1n the transfer duct flows over the individual
lines of the spiral 1n a cross-current configuration.

To now selectively switch between a bypass position or a
transier position, a control tlap according to the invention 1s
provided, which 1s 1n particular in the form of a one piece
and matenially integral cast component. The control flap
may, on the one hand, be operated such that only the transter
position or the bypass position 1s assumed. In the context of
the invention, 1t would also be conceivable for a correspond-
ing intermediate position to be assumed in order for part of
the exhaust gas to be conducted through the transter duct and
the remaining part to be conducted through the correspond-
ing bypass. The control flap can be moved from the transfer
position into the bypass position by way of a rotational
movement about a rotary spindle within an inlet region or
entry region of the exhaust-gas heat exchanger. The flap 1s
in particular of disk-shaped form, wherein an encircling disk
body has an opeming arranged in particular substantially
centrally. Thus, in the bypass position, the disk body closes
the path for the exhaust gas through the transfer duct, and the
exhaust gas can flow through the opening directly into the

bypass pipe.
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It 1s now preferably the case that the control flap 1s
mounted so as to be rotatable about a rotary spindle, wherein
the rotary spindle 1s situated 1n particular in the region of the
opening, and the opening itself 1s extended through. If the
control flap 1s now rotated about the rotary spindle, the
encircling disk body 1s rotated from an orthogonal position
into a position lying in the exhaust-gas flow direction, such
that the exhaust-gas flow can pass through the transier duct.

In order that the disk body can now be pivoted over the
bypass pipe or the ilet region of the bypass pipe, and
jamming or form-fitting abutting contact does not occur
here, 1t 1s furthermore provided that an arching in the form
of a cowl 1s formed in the encircling disk body. The cowl of
the encircling disk body then engages over the bypass pipe
in the transfer position, wherein the cowl substantially
corresponds to the external contour of the bypass pipe and,
in the transier position, comes to bear in form-fitting fashion
against an outer shell surface of the inlet region of the bypass
pipe.

In order that the bypass pipe 1s now likewise closed ofl in
the transier position, it 1s furthermore provided that a sealing,
plate 1s formed 1n the control flap, wherein, 1n the transier
position, the sealing plate bears 1n form-fitting fashion
against the inlet of the bypass pipe and seals off said inlet.
Here, the sealing plate 1s preferably formed, as 1t were, on
the outer surface of the pipe stub-like section, such that here,
an optimization of installation space 1s realized with regard
to compact dimensions of the control tlap as 1t performs the
rotational movement about the rotary spindle.

In order that not only form-fitting abutting contact but
also a sealing function 1s now provided here, 1t 1s further-
more the case that the inlet of the bypass pipe 1s flared or
widened 1 an outward direction, 1n particular in relation to
its radial direction. It 1s then the case that corresponding
sealing elements, sealing bodies or sealing beads come to
bear against an inner shell surface of the flared portion both
in the transier position of the sealing plate or in the bypass
position of the pipe stub-like section. The sealing elements
and/or sealing bodies and/or sealing beads are preferably
formed on the control flap.

In order that it 1s now possible for the rotational move-
ment to be performed within an 1nlet region of the exhaust-
gas heat exchanger, in particular taking into consideration
the cowl, a bulge 1s provided on an outer housing of the
exhaust-gas heat exchanger. The bulge 1s 1n particular
directed outward in the radial direction. The control flap and
in particular the cowl can thus be pivoted past an mner side
of the bulge without coming into form-fitting abutting
contact therewith. In the bypass position, an outwardly
encircling edge of the disk body comes to bear sealingly
against an 1nner shell surface of the housing. In particular,
the edge running around the outside then also extends 1n the
region of the cowl, and here, too, comes to bear sealingly
against the inner shell surface of the housing.

Further advantages, features, characteristics and aspects
of the present invention will be discussed in the following
description. Preferred design variants are illustrated in the
schematic figures. The figures serve for ease of understand-
ing of the invention. In the figures:

FIGS. 1 to 4 show a first design variant of the exhaust-gas
heat exchanger according to the invention with bypass flap,
in different views, and

FIGS. 5 to 8 show a second design variant of the heat
exchanger according to the invention, 1n different views.

In the figures, the same reference signs are used for
identical or similar components, even if, for simplicity, a
repeated description 1s dispensed with.
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4

FIG. 1 shows an exhaust-gas heat exchanger 1 according
to the invention, having a bypass pipe 2 situated at the mnside
and having a heat exchanger duct 3 which engages around
the outside of the bypass pipe 2. In the heat exchanger duct
3, a spiral pipe 4 1s arranged so as to be coiled around the
bypass pipe 2, through which spiral pipe 4 1t 1s then possible
for a medium (not 1illustrated 1 any more detail) to be
conducted, which medium, as per FIG. 2, extracts heat from
the exhaust gas A flowing through the heat exchanger duct
3. In FIG. 1, however, the exhaust gas A flows entirely
through the bypass pipe 2, because a control flap 6 1s
arranged 1n an inlet region 3 of the exhaust-gas heat
exchanger 1 so as to be rotatable about a rotary spindle 7.
The control flap 6 has an opening 8, wherein, from the
opening 8, there extends a pipe stub-like section 9 which
comes to bear 1n form-fitting fashion against an inlet 10 of
the bypass pipe 2. The 1nlet 10 of the bypass pipe 2 1s 1n this
case flared outwardly in relation to its radial direction. The
inlet 10 furthermore runs i an inclined manner 1n the axial
direction of the bypass pipe 2 1n order to permit a rotational
movement of the control flap 6. In FIG. 1, the control flap
6 1s situated 1n the bypass position, such that the exhaust gas
A passing from an exhaust tract (not illustrated 1n any more
detail) 1s impeded by the control tlap 6 at the inlet 10 into the
heat exchanger duct 3, and flows exclusively through the
bypass pipe 2. This 1s realized by virtue of the fact that the
control flap 6 has a disk body 11 running around the outside,
wherein an encircling edge 12 of the disk body 11 comes to
bear sealingly 1n form-fitting fashion against an inner side 13
of the inlet region 5. On an outer side of the pipe stub-like
section 9 there 1s formed a cowl 14. In this design variant,
the cowl 14 1s of solid form.

In FIG. 2, the control flap 6 has been moved into the
transier position, such that the exhaust gas A tlows through
the heat exchanger duct 3. The inlet 10 of the bypass pipe 2
1s closed by the cowl 14 1tselt, such that here, 1t 1s 1n turn 1s
not possible for exhaust gas to tlow through the bypass pipe
2. Here, the cowl 14 comes to bear sealingly in form-fitting
fashion against the outwardly flared inlet 10 of the bypass
pipe 2.

FIGS. 3 and 4 each show a perspective view of the
exhaust-gas heat exchanger 1 according to the mvention 1n
the inlet region, without the housing. Here, in FIG. 3, the
bypass flap 1s 1n a bypass position, such that the exhaust gas
A can flow directly into the bypass pipe 2. It 1s possible here
to clearly see the encircling disk body 11 and a correspond-
ing external mounting of the rotary spindle 7. Here, a socket
pin 15 1s illustrated, about which the control flap 6 1s
designed to be rotatable. The opening 8 1tself 1s in this case
only partially broached by the rotary spindle 7 or the socket
pin 15.

In FIG. 4, the control flap 6 has then been rotated about
the rotary spindle 7, so as to be situated in the transfer
position. Exhaust gas A can thus flow into the heat
exchanger duct 3, wherein the bypass pipe 2 1s closed by a
sealing plate 16 arranged in the region of the cowl 14. A
respectively encircling sealing bead 17 1s preferably formed
on the opening 8 and also on the sealing plate 16. The
sealing bead 17 comes to bear particularly preferably in
form-fitting fashion against the flared inlet 10 of the bypass
pipe 2 1n the respective bypass position or transier position.

FIGS. 5 to 8 illustrate a further design variant of the
exhaust-gas heat exchanger 1 according to the invention.
Here, FIGS. 5 and 6 show the exhaust-gas heat exchanger 1
in the transier position with the control flap 6 open. For this
purpose, the control flap 6 has a disk body 11 running around
the outside, which disk body 1n turn comes to bear sealingly,
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by way of 1ts edge 12 running around the outside, against an
inner shell surface 18 of the housing 19 in the bypass
position as illustrated in FIG. 7. It 1s furthermore possible,
in FIG. 5, to clearly see a bulge 20 on the outer housing 19,
wherein, during a rotational movement about the rotary °

spindle 7, the cowl 14 that is 1llustrated here can be pivoted
through said bulge without making abutting contact with the
inner shell surface 18, which cowl then, in the bypass
position as per FIG. 7, comes to bear sealingly imn form-
fitting fashion against the bulge 20 within the inner shell
surface 18. The cowl 14 1s 1n this case formed i1n the shape
ol a scoop.

Also 1llustrated 1s the sealing plate 16 on the outer side of
the pipe stub-like section 9 of the opening 8. A sealing bead
17 is formed in an encircling manner on the sealing plate 16, 1°
and a sealing bead i1s likewise formed 1 an encircling
manner on the opening 8. The respective sealing bead 17 of
the sealing plate 16 comes to bear 1in form-fitting fashion
against a flared portion 21 of the inlet 10 of the bypass pipe
2 in the transfer position illustrated i FIGS. 5 and 6,
whereas, 1 FIGS. 7 and 8, the sealing bead 17 of the pipe
stub-like section 9 comes to bear in form-fitting fashion
against the flared portion 21 of the ilet 10 of the bypass pipe
2. It can likewise be clearly seen that, 1n the design variant
illustrated here, the rotary spindle 7 lies in the opening 8. In
this way, very compact dimensions are attained owing to the
rotational movement of the control flap 6 that can be
performed.
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REFERENCE SIGNS 30

1—Exhaust-gas heat exchanger
2—Bypass pipe

3—Heat exchanger duct
4—Spiral pipe

5—Inlet region of 1
6—Control flap
7—Rotary spindle
8—Opening of 6
9—Pipe stub-like section
10—Inlet of 2

11—Disk body
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12—Edge
13—Inner side of 5
14—Cowl 45

15—Socket pin
16—Sealing plate

6
17—Sealing bead
18—Inner shell surface of 19
19—Housing,
20—Bulge of 19
21—Flared portion
A—FExhaust gas

The mvention claimed 1s:

1. An exhaust-gas heat exchanger for a motor vehicle,
comprising;

an encircling heat exchanger duct having an inlet;

a bypass pipe having an inlet and disposed within said
heat exchanger duct;

a control flap rotatably mounted to the heat exchanger
from a bypass position to a transier position, the control
flap having a disk-shaped body forming an outer
periphery thereof and an opening therethrough, and a
pipe protruding portion extending from the opening
and 1n contact with the bypass pipe inlet 1n the bypass
position; and,

a cowl substantially corresponding to an external contour
of the bypass pipe and partially engaging over the
bypass pipe when the control flap 1s 1 a transfer
position.

2. The exhaust-gas heat exchanger as claimed 1n claim 1,

wherein the control flap 1s a cast component.

3. The exhaust-gas heat exchanger as claimed 1n claim 1,
wherein a sealing plate 1s formed on outer surface of the pipe
protruding portion, and wherein the sealing plate seals ofl
the 1nlet of the bypass pipe 1n the transfer position.

4. The exhaust-gas heat exchanger as claimed in claim 1,
wherein the bypass pipe 1s flared at the ilet, the pipe
protruding portion or a sealing plate coming to bear seal-
ingly, by way of an encircling sealing bead, against an inner
shell surface of the flared portion.

5. The exhaust-gas heat exchanger as claimed 1n claim 1,
wherein the control flap 1s mounted so as to be rotatable
about a rotary spindle, wherein the rotary spindle extends
through the opening.

6. The exhaust-gas heat exchanger as claimed in claim 1,
wherein a bulge 1s provided on an external housing, the cowl
being pivotable past an inner side of the bulge and, 1n the
bypass position, coming to bear sealingly against an inner
shell surface of the housing in the region of the bulge.

7. The exhaust-gas heat exchanger as claimed in claim 1,
wherein the control flap 1s of one piece and materially
integral form.
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